Abstract More than sensory stimuli, odorous stimuli were employed to facilitate the evocation of emotional responses in the present study. The odor-stimulated emotion was evaluated by investigating specific features of encephalographic (EEG) responses produced thereof. In this study, the concentrations of the same odor were altered; viz., the changes in odor-induced emotional level were compared with the concurrently monitored EEG response features. In addition, we performed the mental task to evoke the arousal state of the brain and investigated the resemblance of response characteristics of the resting state to the post-mental task resting state.
Introduction
The sense of smell is a primitive sensory organ function to warn the living system of apparent life-threatening objects/crises such as toxic gases or decayed foods besides detecting the smell of prey as well. Such a sense of smell plays a critical role in the survival of humans. However, as civilization has progressed with time and development, human beings have gradually lost the dependence on smell function (Stoddart, 1988) , which originally served as an organ for self-protection. At the end of the 20th century, attention was refocused on the psychological effects of odors (Steel, 1991) . Interest in the psychological effects on humans of perfumes, aromatherapy, fragrance/toiletry products and environment-orientated odors were rekindled. In fact, the sense of smell plays an important role in enriching our emotions, especially with regard to special features of odors that define pleasant/unpleasant emotions (Doty, 1975; Moskowitz et al., 1976) .
External physical/chemical stimuli excite our living system, resulting in molding the different emotional outcomes. In cases of the odor-stimulated emotions, chemicals that come into contact with the membrane lining the inner walls of the nose incite a certain of sense of smell which, in turn, is interpreted by the brain as an emotion. A specific odor stimulates the olfactory receptors lining the inner wall of the nose to trigger
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Yeon-Kyu Kim and Shigeki Watanuki an impulse that relays directly to the amygdala and orbitofrontal cortex via the olfactory bulb (Edmund, 2001) . Besides functioning as a center integrating various emotions, the amygdala play an important role in molding memories related with experiences laden with intense emotions (Cahill & McGaugh, 1996) . Moreover, the orbitofrontal cortex processes information loaded with positive and negative emotions (Northoff, 2000) . As such, the odors can easily induce emotions (Ledoux, 1996) . In other words, physiological studies of multifaceted perspectives have identified a close relationship prevailing between the sense of smell and emotions. Of these, EEG investigations associated with the odor-induced emotions have actively been pursued, especially on the hemispheric laterality of positive (pleasant) and negative (unpleasant) emotions.
According to Fox (1982, 1989) , EEG studies have revealed that the left frontal lobe of infants is relatively more activated when positive or approach-related emotions (e.g. smiling) are induced, or the right frontal lobe, conversely, is relatively more excited when negative or withdrawal-related emotions (e.g. fear) are evoked. Results derived from hemispheric laterality of EEG activities are of an identical pattern in both infants and adults. By projecting visual stimuli of happiness/hatred from films, Ekman et al. (1990) portrayed the facial expressions of the subjects, who provided EEG monitoring and self-report in responding to these inputs. The outcome illustrated enhanced dislike/hatred in the right frontal lobe, while happiness excited more the left frontal lobe. Davison (1992) postulated that the left frontal lobe, where the escape behavior (withdrawal-related emotions) is specifically traced in the right hemispheric lobe, is related with approachrelated emotions in the left hemisphere.
Emotions induced by odors may resemble those associated with hemisphere laterality-related positive and negative emotions. According to previous studies on pleasant/unpleasant odors, the right hemisphere is reported to control the odor the perception (Zattorre and Jones-Gotman, 1990 ), a finding which differs from the hemisphere laterality of the odor-induced emotions. Compared with the subjects in the resting state, Van Toller et al. (1993) observed that a waves (alpha power) of the right frontal brain region were significantly attenuated when they were stimulated with a specifically pleasant odor (white sapphire). In addition, a waves of the left frontal and left parietal brain region of the similarly odor-stimulated subjects were markedly reduced when compared with controls (without odor). Furthermore, the output of a waves was significantly reduced in the right compared with the left frontal brain region when volunteers were stimulated with a pleasant odor (vanilla) (Kline et al. 2000) . However, no differences in EEG between the left and right hemispheres were noted when volunteers exposed to an unpleasant odor (valerian) were compared with the controls (distilled water). In addition, subjects exposed to the pleasant (phenylethyl alcohol) and unpleasant (valeric acid) odors respectively indicated slightly increased and highly enhanced a waves in the frontal brain regions (Brauchli et al., 1995) , implying the odor-related hemisphere laterality was prevalent. As such, EEG studies have so far demonstrated controversial findings. Hitherto, the odor-stimulated emotionspecific EEG responses have been explored using various odorous stimuli, and studies on the effects on EEG by the components of odorous stimuli are thus warranted.
As such, attention is hence focused on odor intensitydependent differences in pleasantness. For instance, when the concentration of the odors of essential oils that concurrently evoke pleasantness is changed, the perception definitely changes as well. In other words, with the change of the odor concentration the level of emotion induced with a certain odorous stimulus can be altered, and the special features of physiological responses were investigated. In cases where only the pleasant/unpleasant emotions are induced, a certain specific EEG responses is evoked, or a similar EEG phenomenon would be observed when an identical endogenous chemicals was induced even if the said pleasant/unpleasant emotions were not perceived.
Although CNS activities of subjects are activated when performing a mental task, whether or not similar special EEG features were evoked at the resting state remains to be investigated.
Methods

Subjects
Twelve male undergraduate and graduate students (age range: 22-26 years) without abnormality in the sense of smell were allowed to consume food and beverages without smoking 2 hr before experiment. Volunteers were briefed on the purpose and contents of the experimental protocol before procuring their consents.
Stimuli and odor delivery
For the odorous stimuli (induction of pleasant emotion) in Experiment I, PCK (components from Japanese cypress, etc; Field Science Co. Ltd.) diluted with propylene glycol. Diluted portions of PCK stock solution were used as the odorous stimulus in the experiment. Two types of odorous stimuli, dilutions of 150 times (S-150; easily perceptible odorous sensation) and 500 (S-500; slightly perceptible odorous stimuli) times the stock solution, were used to respectively furnish perceptive and lightly scented odors. In addition, the distilled water was a control for inducing an odorless stimulus.
In Experiment II, a stock solution of 2-mercaptoethanol (with rotten egg odor) diluted with propylene glycol was employed as an unpleasant odorous stimulus. The odorous stimuli were of 2 types; stock solutions diluted 150 times (S-150) and 300 times (S-500) were employed. The odorless distilled water was used as a control.
Experiments were performed in a ventilated laboratory at a room temperature of 26°C with 50% relative humidity. The odor delivery was executed by placement of a sample solution in a gas-washing glass (60 ml) which was bubbled with pure air at 3000 ml/min under a constant compression pressure. The odor thus generated was delivered via a teflon tube to an odorant nozzle and released in a funnel where the outlet was positioned 12-15 cm away from the nares of the volunteer. The gas carrying the odor was exhausted through a vent located 30 cm above the head.
Experimental procedures
Each experimental day was allotted for one particular odor. Volunteers with proper electrode placement were first seated in a preparation room before entering the laboratory and sitting in a resting state for 15 min. The (pre-stimulus or baseline) EEG activities were traced for 3 min in a resting state before exposure to the odor. EEG activities were monitored at a resting state (15 min) immediately after the odorous exposure, as well as the first 3 min and the latter 3 min during the postmental task resting state (15 min). The odor rating (as a subjective evaluation; 1 min) was performed before the mental task (5 min). Note that the order of delivering odorous stimuli was done at random.
Recordings and analysis
(1) Odor rating The odor stimuli were expressed by 13 adjectives and scored accordingly from 0-11 (11-stage rating): relaxing, concentrated, intense, favorable, pleasant, unpleasant, agreeable, dislike, sleepy, calming, stressful, anxiety-inducing (irritated), overall.
(2) Mental task Mental tasks involved addition of five 2-digital numerals within 5 min and the number of trials was compared with the correct score. These mental tasks are relatively easy to solve.
EEG recording
EEG activities were analyzed at a sampling frequency of 1 kHz (NEC Medical E5514; NEC Co. Ltd.). Data input executed with NEC Medical EE5514 (SYNAFIT 5000) software was analyzed with BIMUTAS II (Kissei Comtec Co. Ltd.). An elastic electrode cap (Electro-Cap International, Inc.) was employed for electrode placement on the skin of the head. The electrode placement-sites were appropriated according to the International 10-20 system. Reference electrodes attached bilaterally to the earlobes (A1, A2) afforded monopolar recording of the outputs from 19 brain sites: Fp1, Fp2, F3, F4, F7, F8, Fz, C3, C4, Cz, P3, P4, Pz, T3, T4, T5, T6, O1 and O2. The flat electrode plates were affixed bilaterally to the earlobes with Elefix EEG paste (Nihon Koden Co., Ltd.). The electrode impedance of electrodes was Ͻ10 kW. The relative power spectrum of the respective frequency bands derived by Fast Fourier Transformation (FFT) were expressed as follows: d (0.5-3.99 Hz), q (4-7.99 Hz) a (8-12.99 Hz) and b (13-30 Hz). Volunteers had their eyes half-closed during EEG tracing. Statistical analysis of per 3-min EEG tracings was performed at 5-sec intervals, and the mean for 36 summations was thus derived.
Statistical analysis
Statview 5.0 was employed for statistical analysis, and the significance of differences between the emotion-induced and resting-state EEG activities was verified by using the paired student t-test. One-way ANOVA test followed by pairwise comparisons (Turkey HSD) were employed for verification of the subjective rating and relative EEG outputs induced with the respective odorous stimuli.
Results
Experiment I
On comparing the subjecting rating of pleasant emotions stimulated by 2 odors (Fig. 1) ; summated rating of relaxation favorable/agreeable and pleasant emotions scored significantly (pϽ0.05) high with odorous stimuli of S-150 vs. S-500, and that of concentrated, intense, favorable and pleasant emotions was significantly (pϽ0.05) elevated when compared with the controls (distilled water). However, S-500 did not produce any significant difference in all expressions compared with controls. Furthermore, interviews after the experiment revealed that volunteers accommodated to the various odorous stimuli after performing the mental tasks, and appeared to having eventually become insensitive to the odors.
The number of experimental trials and the success rate were compared, and the differences between the respective odors were not significant.
On comparing the relative EEG output (relative band power) in the post-odorous stimulus terminal 3-min resting state (from 12-15 min after odorous stimulus) with pre-stimulus resting state, a waves of all the 19 sites and b waves of Fp1, F3, Fz, F4, F7, F8, T6, C3, Cz, P4 were significantly attenuated in the post-stimulus resting state. On pairwise comparison of the variation (post-stimulus value-pre-stimulus value) of relative EEG output with the respective stimuli, b waves of the left frontal brain field (Fp1, F3, F7, Cz) were significantly enhanced with S-150 compared with controls (Fig. 2) . However, the differences in the frequency band were not significantly verified, when variations in the relative EEG output of S-500 were compared with controls. Moreover, results of EEG responses after mental task performance demonstrated no significant differences between any 2 odorous stimuli.
Experiment II
On comparison of the subjecting ratings of unpleasant emotions induced with the 2 odorous stimuli (Fig. 3) , only the intense/strong expression was significantly (pϽ0.05) enhanced with the 150-times compared with 300-times diluted sample (S-300). In addition, the summated rating of relaxing, dislike, anxiety-inducing/irritated/sleepy, unpleasant, pleasant, calming was significant (pϽ0.05) when compared with controls (distilled water). Furthermore, the summated rating of favorable, relaxing, stressful, dislike, anxietyinducing (irritated), unpleasant, pleasant and calming with the S-300 was significant (pϽ0.05) compared with the controls.
The post-experimental interviews of volunteers demonstrated that accommodation to the respective odorous stimuli after the mental task performance developed, and they were eventually insensitive to the odors.
The number of experimental trials and the success rate were compared, and differences between the respective odors were not significant.
On comparing the relative EEG output (relative band power) immediately after the odorous stimulus (post-stimulus 3 min) with a baseline activity, a waves in 17 (Fp1, Fp2, F3, F4 , C3, C4, P3, P4, O1, O2, F7, F8, T3, T4, T5, T6, Pz) of 19 sites were significantly (pϽ0.05) attenuated with the S-150. On pairwise comparison of the variation of relative EEG output with the respective stimuli, significantly attenuated a waves 288 Characteristics of Electroencephalographic Responses Induced by a Pleasant and an Unpleasant Odor Fig. 1 Comparison of subjective ratings derived from the respective odorous stimuli with water (dotted column; controls), 150-(checked column) and 500-(hatched column) times diluted samples in 12 volunteers (Experiment I). Emotions evoked by the respective odorous stimuli included relaxing, focused, intense, liking and pleasant, and these emotions were expressed as the summated ratings. Values are expressed as the meanϮstandard deviations, and differences where pϽ0.05 (*) are considered statistically significant. were observed with S-150 in F8, O2 (vs. S-300) and Fp1, Fp2, F3, C4, P4, O1, O2, F7, F8, T4, T6 (vs. distilled water) (Fig.  4) . However, the relative output of a waves with S-300 did not produce any significant differences in any sites comparison at any time. In addition, the results of EEG responses after the mental task performance demonstrated no significant differences between any 2 odorous stimuli.
Discussion
With the objective of characterizing EEG activities in response to the pleasant/unpleasant emotions with the odors and subjective ratings of the respective odor-induced pleasant/unpleasant emotions (Fig. 1, 3) revealed that the odorous stimuli employed in the study were appropriate.
Through the special features of the chemical component in odors per se, certain physiological responses can be specified. In other words, it is possible to establish different physiological responses for a similarly perceived pleasant emotion through exposure to different odors. This finding has previously been attributable to possible non-convergence of hemisphere laterality in brain activities to the same odorous stimulus. As such, the present study investigated differences in the level of emotions induced by the same odorous stimulus delivered at varying concentrations, for the reduction of odorous chemical effects on EEG responses. The results with pleasant emotioninducing odors revealed that S-150 evoked the pleasant emotions, while S-500 and distilled water produced the similar subjective ratings (Fig. 1) . EEG activities at this time juncture yielded significantly enhanced b waves in the left frontal brain fields with S-150 but not with S-500 when compared with distilled water (Fig. 2) . As such, increase in EEG b waves evoked by the pleasant emotion with S-150 implies that the pleasant emotion is a specific EEG activity. However, the fact that no differences in EEG activities between the 150-and S-500 used in this study advocates that the pleasant emotioninducing odorous components per se elevated EEG activities in the left frontal brain fields.
However, the unpleasant emotion-inducing S-300 evoked unpleasant emotions similar to those stimulated with the S-150 (Fig. 3) . In EEG responses, a waves were attenuated over an extensive brain region that included the bilateral frontal fields when the subjects were stimulated with the S-150 compared with the distilled water, albeit no differences between S-300 and distilled water were observed (Fig. 4) . Regardless of the implication of unpleasant emotions by subjective ratings of the S-300, the changes in EEG activities were not established, suggesting that the evaluation of the odor-induced unpleasant emotions by EEG activities proved impractical. The odor is input directly in the amygdala, while the odors judged as the unpleasant stimuli are inputt via amygdale to the lateral hypothalamus to eventuate increases sympathetic nervous system (SNS) activities (e.g. the increase of heart rate and blood pressure). As these SNS activities are produced even without eliciting the subjective unpleasant emotions, the investigations based on physiological responses induced by the unpleasant odors may be more reliable if focused on autonomic nervous system than EEG responses. On the contrary, on viewing the odor-induced pleasant and unpleasant EEG responses, the S-150 that was subjectively rated as pleasant evoked statistically significant b waves in the left frontal regions (Fp1, F3, F7) compared with the controls (Fig. 2) . As such, it is plausible that the pleasant emotioninducing S-150 evokes enhanced EEG activities in the left frontal region. In general, attenuation of a waves is accompanied by the enhanced b waves in a highly alert state; viz., when humans are in focus or with eyes widely opened. The previous studies with the odorous stimuli have indicated that a waves were significantly reduced accompanied with elevated EEG activities in the left frontal brain fields on induction of pleasant emotions (Kline et al., 2000; Van Toller et al., 1993) . Moreover, the findings in the present study advocate the hypothesis that visual stimulus-induced positive emotions related with the left cerebral hemisphere (Davidson, 1992; Tomarken et al., 1989) , and a similar relationship may thus apply to the odorous stimuli as well.
This hypothesis implies that the negative emotions are associated with the left cerebral hemisphere. However, the fact that a waves were significantly attenuated in bilateral frontal brain regions (Fp1, Fp2, F3, F7, F8), right temporal regions (T4, T6), right parietal sites (C4, P4) and bilateral occipital areas (O1, O2) (Fig. 4) implies that hemisphere laterality was not involved. Even previous studies have portrayed no differences in a waves between the left and right frontal brain sites (Brauchili et al., 1995; Kline et al., 2000; Van Toller et al., 1993) . Taken together, the above hypothesis may not apply in the odor-induced unpleasant emotions. It may therefore be derived from the difference in sensory stimuli evoked by the visual and odorous stimuli. As odorous stimuli endow/endorse a critical function in the existence of humans, the odor-induced unpleasant (negative) perception interpreted in a form of emotion may be essentially required to similar information in the frontal regions bilaterally. However, the finding that attenuation of only a waves restricted in the temporal (T4, T6) and parietal (C4, P4) regions (i.e., the right cerebral hemisphere) may not completely deny the hypothesis that the right hemisphere is involved predominantly with the abovementioned negative emotions. All in all, these results revealed 290 Characteristics of Electroencephalographic Responses Induced by a Pleasant and an Unpleasant Odor that site-specific features of EEG activities are induced with pleasant and unpleasant emotions; viz., activated EEG responses with pleasant aspects expressed in the left frontal regions while similarly augmented EEG activities for unpleasant perspectives manifested in bilateral frontal fields and other extensive areas.
The special EEG features observed in times of pleasant and unpleasant emotional induction are derived from the resting state. As such, the mental tasks had to be performed to evaluate the augmented features in similarly alerted EEG activities, where EEG responses were monitored after the central nervous system activities were activated. As a result, the intrinsic EEG activities in response to the pleasant and unpleasant inputs were not observed. In short, it may not be possible to monitor the effects of loading the mental task performance with the pleasant/unpleasant odorous stimuli on the already augmented EEG activities. As it has been documented that post-experimental interviews reveal an accommodation to the odorous stimuli in volunteers after the mental task performance to eventually develop insensitivity to the said stimuli, this may imply that EEG responses would only be initiated when a certain emotion has been molded.
